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isolation of the virus led quickly to a vaccine. In 1930, 
Max Theiler, of the Department of Tropical Medicine, 
Harvard Medical School, discovered that white mice were 
susceptible to yellow fever if injected intracerebrally. 
Theiler moved to New York where he worked with Hugh 
Smith and Wilbur Sawyer, and the famous 17D vaccine 
was developed from the Asibi strain.3 It was Theiler who 
won the Nobel prize for his role in the campaign against 
yellow fever. Buried in the European cemetery at Lagos, 
Adrian Stokes received few posthumous honors apart 
from first authorship on the critical paper, yet his con- 
tribution remains a noble example of the best tradition 
of international cooperation. 
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APPENDIX 
Excerpts from The American Journal of Tropical Medi- 
cine 1928; 8:103-164 
EXPERIMENTAL TRANSMISSION OF YELLOW 
FEVER VIRUS TO LABORATORY ANIMALS* 
Adrian Stokes,? Johannes H. Bauer,? and 
N. Paul Hudson? 
NOTE: During the course of the investigations reported in this 
paper, Dr. Adrian Stokes fell a victim to yellow fever and died 
on September 19, 1927. His untimely death is a great loss to 
medical science and is deplored by his colleagues. Although 
we have no definite information as to where or how he con- 
tracted the disease, the epidemiologic evidence suggests that 
the infection took place in the laboratory while he was engaged 
in studying the virus. The experiments reported here were either 
completed or under way at the time of Dr. Stokes’ death. Some 
of them were repeated later and the previous results confirmed. 
The work was carried out jointly by the authors, and questions 
concerning the publication of the results were often discussed. 
This report was not written until after the death of the senior 
author, but we believe that the conclusions derived from the 
data are in harmony with his opinions. 
The West African Yellow Fever Commission of the Rock- 
efeller Foundation, from the laboratory of which this 
paper is issued, was organized in the spring of 1925, and 
by the late fall of that year preparations had been com- 
pleted for a comprehensive investigation of the various 
problems in connection with yellow fever in West Africa. 
The investigation was to include clinical and epidemio- 
logic studies and thorough laboratory research. 
The Commission has confined itself territorially 
almost exclusively to the British colonies of Nigeria and 
the Gold Coast.The numerous sporadic cases of yellow 
fever that have occurred in Europeans, together with 
extensive epidemics among the natives of the Gold 
Coast, have afforded ample material for the studies 
which have been made since the organization of the 
Commission. 
This report deals only with the laboratory findings, 
and is concerned mainly with the work carried on since 
May, 1927, when Indian monkeys were first used for 
experimentation. Previous to that time a large amount of 
experimental work had been carried out, but this had 
been planned chiefly with a view to the isolation of Lep- 
tospira icteroides, and along the lines which had proved 
successful in various places in the Western Hemisphere 
where yellow fever has occurred. 
Our laboratory records show that during the period 
from January, 1926, to May, 1927, sixty-seven cases of 
yellow fever were studied bacteriologically by several 
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members of the Commission (Muller, Kligler, Sawyer, 
Bauer).The majority of these cases occurred during the 
epidemics among the natives of the Gold Coast at 
Assamankese, Suham, and Larteh, and were clinically typ- 
ical. Seven cases in Europeans, six of which were fatal, are 
also included in this series. 
As guinea pigs had been found to be relatively sus- 
ceptible to Leptospira icteroides infection in South and 
Central America by Noguchi and his co-workers, large 
numbers of them were imported from Europe and the 
United States, and over a thousand were used in the 
course of the study of these cases.AIthough guinea pigs 
occasionalIy showed some febrile reaction after the injec- 
tion of blood from yellow fever patients, this reaction did 
not appear beyond the second or third subinoculations, 
either with blood or with emulsions of different organs, 
and none of these animals died with lesions characteris- 
tic of yellow fever. 
Among other animals used for inoculation with 
patients’ blood were rabbits, white rats, and white mice 
imported from Europe, and a number of species ofAfrican 
monkeys, as well as pouched rats (Cricetomya gam- 
bianus), puppies, kittens, and goats. Although these ani- 
mals were used in small numbers, their failure to react 
would indicate their insusceptibility to yellow fever. On 
one occasion, two splenectomized puppies were inocu- 
lated with patients’ blood with negative results. 
A large number of cultures from the blood of 
patients as well as from inoculated animals, made in dif- 
ferent media by various methods, failed to reveal a 
growth of leptospira or any other organism visible either 
in stained preparations or by dark ground illumination. 
Attempts to cultivate the virus in permeable collodin 
sacs placed in the peritoneal cavity of rabbits were like- 
wise negative. 
With all these negative findings it became obvious 
that problems concerning the causative agent, immunol- 
ogy, mode of transmission, and prevention and control 
of yellow fever in West Africa, could not be thoroughly 
investigated before a definitely susceptible animal was 
found. In a further effort to fmd such an animal, Dr. Henry 
Beeuwkes, the Director of the Commission, visited the 
firm of Carl Hagenbeck in Hamburg and there chose ani- 
mals from parts of the world distant from West Africa. 
They were Indian rhesus and crown monkeys and Brazil- 
ian marmosets. In addition, chimpanzees were procured 
from Sierra Leone and later from India.. . 
Experiments with Macacus rhesus and 
Brazilian Marmosets 
A new shipment of monkeys, consisting of Macaws rhe- 
sus and Brazilian marmosets, was received toward the 
end of June. In the meantime the epidemic at Larteh had 
died out, but cases of yellow fever were reported from 
the small town of Kpeve, Ho District,Togoland, about 100 
miles northwest of Accra. 
Dr.A. E Mahaffy, a member of the Commission, sta- 
tioned at Accra, made an investigation in the area and 
found cases of yellow fever among the native population 
of Kpeve, as well as in some of the neighboring villages. 
One of the patients under his care died, but it was impos- 
sible to secure a necropsy. On June 30 he obtained blood 
from the following persons: 
1. FeZice, African, female, thirty years of age, wife of a 
school teacher. Illness began on June 27 with chill, 
fever, severe headache, and vomiting. Seen first on 
June 29.Temperature 102.0”; pulse 72. Chest exami- 
nation negative. Acute epigastric pain and tender- 
ness.Tongue coated, red tip and edges. Gums spongy 
but not bleeding. Patient looked very ill and greatly 
prostrated. 
June SO.Temperature 100.2”; pulse 68. Eyes injected, 
possibly slight icterus. Urine clear, positive for albu- 
minTen cubic centimeters of blood taken for ani- 
mal inoculation. 
July 2.Temperature 98.0”; pulse 72. Faint but definite 
icterus. Heavy deposit of albumin in the urine. 
July 4.Temperature normal. Icterus obviousAlbumin 
increased and bile present in the urine. 
July 8. Icterus disappearingAlbumin much decreased, 
no bile. Patient convalescent. 
2. Asibi,African, male, twenty-eight years of age. Illness 
began at 3 a.m. on June 29 with chill followed by 
fever and severe headache. No nausea or vomiting. 
Seen first at 4 p.m. on the same day. Temperature 
103.0”; pulse 96. Appeared very ill and prostrated. 
Complained of severe headache and pain in the 
lower part of the back. Eyes intensely injected but no 
icterus.Tongue clean, gums normal. No epigastric ten- 
derness. Liver and spleen not enlarged or tender. 
Urine contained no albumin. Blood negative for par- 
asites.White cells apparently normal in number. 
June 30. l2:3O p.m.Temperature 99.9”; pulse 72. Felt 
better than on day before but pain in back worse. No 
icterus. Urine showed no albumin or possibly a faint 
trace.Ten cubic centimeters of blood taken for ani- 
mal inoculation. Patient made a rapid recovery and 
on July 4 returned to work. 
Blood taken from each of these cases, taken from 
Asibi thirty-three hours after onset and from Felice about 
seventy-two hours after the beginning of the illness, was 
mixed with 2 per cent sodium citrate solution under a 
layer of paraffin o&The specimens were brought to Accra 
by Dr. Mahaffy, who arrived at 6 p.m. on the same day, i.e., 
about six hours after the blood was drawn from the 
56 International Journal of Infectious Diseases / Volume 2, Number 1, July 1997 
patients. One Macacus rhesus, one marmoset, and two 
guinea pigs were immediately inoculated with each spec- 
imen of blood.The monkeys received 2 cc. and the guinea 
pigs 1 cc. each, intraperitoneally; the marmosets were 
given 0.5 cc. each, subcutaneouslyA large number of cul- 
tures were made also from each specimen of blood.The 
results were as follows. 
Felice. Rhesus 252, which was inoculated with the blood 
of Felice on June 30, developed fever on the ninth day 
after inoculation. This continued for three days and 
reached 106.O”F.. . but the animal finally recovered and 
remained well. No subinoculations were made.The ani- 
mal was later inoculated twice with highly virulent blood 
from another monkey and proved immune. 
Marmoset 63, also inoculated with blood from Felice 
on June 30, developed a temperature of 104.O”F on the 
seventh day after inoculation and was found dead on 
the morning of July 9.The necropsy revealed nothing of 
interest except a very pale liver with lobulations cream- 
colored in the center and darker at the periphery Micro- 
scopically the liver showed fat vacuoles in the midzone 
of the lobules, where the liver cells were only occasion- 
ally necrotic. The epithelial cells of the convoluted 
tubules of the kidneys were swollen and there was con- 
gestion of the small blood vessels and glomerular capil- 
laries.The sections of heart and lungs showed nothing 
of interest. A few drops of blood were taken from the 
heart at necropsy and injected subcutaneously into mar- 
moset 83 with negative results. Another marmoset, no. 
85, was inoculated with 2 cc. of liver and kidney emul- 
sion from no. 63 and was found dead the next morning 
as a result of an acute septic infection. Cultures made 
from blood and organs of marmosets 63 and 85 were all 
heavily contaminated, while those made from the 
patients’ blood showed no growth during one month’s 
observation. 
Summary of experiments with blood from Felice. 
The attempts to obtain the virus from this patient, Felice, 
proved unsuccessful. 
Asibi. The guinea pigs and the marmoset inoculated with 
the blood of this patient failed to show any reaction and 
continued normal, and the cultures of the same blood 
remained sterile. 
Rhesus 253-A, inoculated with Asibi’s blood on June 
30, developed fever on July 4. . . , the fourth day after inoc- 
ulation, and was found moribund and in collapse on the 
following morning. A few drops of chloroform were 
administered and the necropsy was performed immedi- 
ately 
The postmortem examination revealed the follow- 
ing: 
Jaundice. No jaundice of superficial parts. 
Hemorrhage. Petechiae in the lungs and gastric 
mucosa; much altered blood in the stomach. 
Heart. Normal. 
Liver Very pale and light cream-colored; pinkish yel- 
low centers of lobules. 
Spleen. Large; follicles small. 
Kidneys. Opaque, cortex slightly bile-stained. 
Brain. Normal. 
Microscopic study of the tissues showed: 
Lungs. One small recent hemorrhage in pleura with- 
out reaction to it and not associated with a tuberculous 
area which was present. 
Heart. Moderate amount of fat as very fine droplets 
irregularly distributed throughout section. 
Liuer Moderate amount of midzonal necrosis with 
much polymorphonuclear infiltration, mostly midzonal 
and usually focal. A little indefinite hyaline and some 
intensely acidophilic cytoplasm in liver cells. In necrotic 
areas, some liver cell nuclei lacking, a few small and 
acidophilic, a few karyorrhectic, and many vesicular.Very 
few lymphocytes in portal areas. Much fat in frozen sec- 
tions, a little more concentrated in periportal regions. 
Spleen. Very small; lymph nodules poorly outlined. 
Germinal centers, when present, not filled with lym- 
phoblasts and containing necrotic debris, and large phago- 
cytic endothelial cells. Endothelial leukocytes slightly 
increased in section, especially around nodules. A few 
scattered polymorphonuclears. Slight congestion. Zones 
of hemorrhages around germinal centers in many lymph 
nodules. 
Kidneys. Cells of tubular epithelium not much 
changed from normal. A few nuclei of these cells 
pyknotic. Some congestion. Some granular debris in 
tubules. Many hyaline casts. Moderate amount of fat in 
frozen sections in epithelial cells of convoluted tubules. 
Stomach. No hemorrhage. Germinal centers of sub- 
mucous lymph nodules necrotic. 
Adrenals. A few polymorphonuclears in capillaries 
and occasionally outside the vessels in rare necrotic cell 
of cortex. 
Pancreas. Negative. 
Five cubic centimeters of blood were taken at the 
time of the necropsy of this monkey (rhesus 253-A) and 
mixed with sodium citrate solution; 2 cc. of the titrated 
blood was injected intraperitoneally into rhesus 253-B 
and the remainder was used for cultures.The same mon- 
key received also subcutaneously, 5.0 cc. of liver and kid- 
ney emulsion from rhesus 253-A.. . 
Since laboratory facilities at Accra did not permit car- 
rying on mosquito transmission experiments, it was 
decided that rhesus 253-B, which had been inoculated 
with blood and emulsion of liver and kidney from rhesus 
253-A on July 5, should be taken to Lagos during the incu- 
bation period, and an attempt made to transmit the dis- 
ease to other monkeys by means of mosquitoes. 
The monkey developed fever.. .on July 8, the day after 
its arrival in Lagos. It was placed in a cage containing 
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seventy normal female Ai;des aegypti and forty of these 
became engorged. At the same time it was bled from the 
saphenous vein and 2 cc. of the titrated blood was 
injected into another normal rhesus, no. 209. Cultures 
were also made from this blood in Noguchi’s leptospira 
medium, as well as in plain broth and agar, all of which 
showed no growth during one month of observation.The 
fever in this monkey continued for three days and the ani- 
mal was found dead in its cage on the morning of July 11. 
There was no rigor mortis and the body was still 
w&-m, indicating that the animal had died only a very 
short time before.The gross postmortem observations in 
this case were: 
Jaundice. Jaundice of aorta and of no other part. 
Hemorrhage. Numerous petechiae in gastric mucosa, 
but no altered blood in stomach contents. 
Lungs. Left lung collapsed and red; other lung nor- 
mal. 
Heart. Normal. 
Liver In places pale and elsewhere dark red or mot- 
tled; very light colored areas about central veins of some 
lobules. 
Spleen. Not remarkable. 
Kidneys. Pale and well differentiated. 
Adrenals. Medulla of adrenal glands congested. 
Brain. Normal. 
Abscess. A small walled-off abscess external to mus- 
cle wall of abdomen and at site of inoculation of liver 
and kidney emulsion; gram-positive bacilli in stained 
preparation of pus. 
The microscopic examination of tissues from this 
animal showed: 
Lungs. Negative. 
Heart. Patchy distribution of fat as minute droplets 
in frozen sections. 
Livez Irregular, wide midzonal necrosis. Periportal 
and central cells not necrotic but some eosinophilic and 
all vacuolated. Some definite hyaline degeneration of liver 
cells. Midzonal nuclei poorly stained, vesicular, or kary- 
orrhectic with a little scattered nuclear material; a few 
small and eosinophilic. Many scattered polymorphonu- 
clears, a few extravascular, and fewer endothelial leuco- 
cytes in sinusoids. Moderate and variable lymphocytic 
infiltration of portal areas.Very much fat throughout lob- 
ule in frozen sections. 
Spleen. Small and scattered lymph nodules without 
germinal centers. Numerous endothelial leucocytes in 
sinusoids, especially about the nodules and invading their 
margins. Much congestion. 
Kidneys. Epithelial cells of some convoluted tubules 
necrotic and disintegrated; their nuclei poorly stained or 
lacking. Many nuclei pyknotic, especially in straight 
tubules. No hyaline or granular casts. Clumps of black 
dots and blue-gray granules in collecting tubules. Much fat 
in epithelial cells in frozen sections. 
Stomach. Negative. 
Adrenals. Single cells and groups of cells in various 
zones of cortex necrotic, granular, acidophilic, or com- 
pletely disintegrated. Nuclei of such cells poorly stained, 
small and acidophilic, and rarely karyorrhectic. Numer- 
ous polymorphonuclears in neighboring capillaries and 
in necrotic cells and areas. 
Brain. Negative. 
Abscess in abdominal wall. Acute inflammation 
between muscle layers; fairly well walled off. 
Rhesus 209, which was subinoculated from the 
above-mentioned animal (253-B), developed a fever of 
104.6”E On July 12.. ., the animal was placed in a cage of 
normal mosquitoes and nineteen became engorged. At 
the same time, blood was taken from the saphenous vein 
for cultures which, after one month of incubation, 
showed no growth.The fever continued for three days 
and on the morning of July 15 the animal was found mori- 
bund and in collapse. Eight cubic centimeters of greenish 
yellow urine obtained before death showed a large num- 
ber of bile-stained granular casts. It also contained over 
2 grams of albumin per liter and was strongly positive for 
bile when tested with nitric acid.A few drops of chloro- 
form were given to produce death, and the necropsy was 
performed immediately. 
The gross postmortem observations in the case of 
this animal were: 
Jaundice. Slight in sclerae and marked in aorta. 
Hemorrhage. Pete&al hemorrhages in endocardium, 
lungs, and gastric and intestinal mucosa.Altered blood in 
stomach and in large and small intestines. 
Heart. Soft and flabby. 
Liver Pale, yellow, flabby, and friable; on section, homoge- 
neous and yellow, and some zones about central veins pale. 
Spleen. Normal. 
Kidneys. Pale, yellow, swollen and with poor differ- 
entiation; hemorrhage in capsule of right kidney. 
Lymph nodes. Axillary and inguinal lymph nodes 
somewhat enlarged. 
Adrenals. Normal. 
The microscopic observations were as follows: 
Lungs. Small recent pleural hemorrhage without 
reaction. 
Heart. Much patchy fat as very fme droplets in frozen 
sections. 
Liver Much necrosis and hyaline degeneration, mostly 
midzonal. Most liver cell nuclei large and poorly stained 
or small and eosinophi1ic.A few polymorphonuclear and 
more endothelial leucocytes in dilated sinusoids. Few lym- 
phocytes in portal areas.Very much fat in all parts of lob- 
ule in frozen sections. 
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Spleen. Lymph nodules much reduced in size, but 
sharply outlined; many lack germinal centers. Those 
present have necrotic cells, nuclear debris and enlarged 
endothelial cells, some containing phagocytized debris. 
Many endothelial and polymorphonuclear leukocytes in 
sinusoids, the former sometimes increased about nodules. 
Kidneys. Epithelial cells of convoluted tubles much 
vacuolated and swol1en.A few of same cells acidophilic. 
Some granular debris and granular casts.Very much fat in 
frozen sections, most in convoluted tubules. 
Stomach. Mucosa normal. Submucous lymph nodule 
has a few necrotic cells, some nuclear debris and granu- 
lar casts. Very much fat in frozen sections, most in con- 
voluted tubules. 
Small intestine. Extensive recent hemorrhage 
between mucosa and muscle coats and subserosal hem- 
orrhage; no reaction. 
Adrenals. Normal. 
Pancreas. Normal. 
Brain. Mild capillary congestion. 
This strain of virus, which originated from Asibi, was 
during the following months carried from monkey to 
monkey by inoculations of blood and serum in numerous 
experiments. Approximately thirty animals were inocu- 
lated in this way with fatal outcome in all instances 
except one; rhesus 353 developed fever but recovered. 
In the meantime the transmission of virus by mos- 
quitoes had proved successful and it was found more 
practical and convenient to preserve the virus in these 
insects than to keep it alive in monkeys by frequent trans- 
fers. Direct blood inoculations were, therefore, made only 
when it was necessary to infect a group of animals with 
a uniform dose of virulent material in connection with 
different experiments.. . . 
CONCLUSION 
The results obtained from the experiments reported in 
this paper lead to the conclusion that yellow fever in 
West Africa has been successfully transmitted to mon- 
keys of the species Macacus rhesusAlthough the strain 
of the virus with which these experiments were carried 
out originated from a very mild and clinically almost 
undiagnosable case in an African, the following evidence 
supports the conclusion that this virus is that of yellow 
fever: 
1. It was obtained from a case occurring during an epi- 
demic 
2. It is transmissible from man to monkey, as well as 
from monkey to monkey by injection of blood or 
serum. 
3. It is transmitted by mosquitoes of the species ALjdes 
aegypti. 
4. It is filtrable when in the circulating blood. 
5. Convalescent serum from a severe case of yellow 
fever in doses of 0.1 cc., protects monkeys against 
infection with this virus, while 2 cc. of normal human 
serum fails to give any protection. 
6. The clinical symptoms and the pathologic changes 
produced by this virus in rhesus monkeys are simi- 
lar to those in human yellow fever. 
7. At the close of these studies with this strain two addi- 
tional strains of the virus were obtained, both from 
fatal cases of yellow fever in Europeans, in which the 
diagnosis was verified by post-mortem fmdings. Blood 
from each of these patients injected into rhesus mon- 
keys produced fatal infections. From one of these 
two patients the disease was also transmitted to 
monkeys by means of mosquitoes.The clinical course 
of the disease and the lesions produced by these two 
strains were similar to those caused by the strain 
which originated from a mild case and with which 
most of our work was done.A detailed report on 
these two additional strains will be published in 
another paper. 
SUMMARY 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Yellow fever was successfully transmitted to Maca- 
cus rhesus. 
It was easily transmitted from man to monkey, as well 
as from monkey to monkey, by the injection of cit- 
rated blood taken early in the course of the disease. 
It was also transmitted from monkey to monkey by 
A&des (Stegomyia) aegypti. 
Mosquitoes, when once infected, were found to 
remain infective for the entire period of their lives, 
which in our experience exceeded three months in 
some instances, and the bite of a single infected mos- 
quito was sufficient to produce a fatal infection in a 
monkey 
The virus was not transmitted from one generation 
of mosquitoes to another through the eggs. 
When in the circulating blood of monkeys, the virus 
passed through Berkefeld filters of V and N grades, 
and also through Seitz asbestos filters, but it was not 
filterable through Berkefeld W filters. 
The virus was not filtrable when in the mosquitoes. 
The clinical course of the disease and the lesions 
produced by the virus in Macacus rhesus were sim- 
ilar to those found in human yellow fever. 
Attempts to cultivate the virus either from infectious 
blood or from filtered mosquito emulsions were neg- 
ative. 
No spirochetes, leptospira, or other forms of micro- 
organism were found in tissues of infected animals 
stained by Giemsa and Levaditi methods. 
Discovery of the Yellow Fever Virus / Bryan 59 
10. Indian crown monkeys (Macacus sinkus) were sus- 
ceptible to yellow fever only to a moderate degree. 
11. Chimpanzees, local African monkeys, and guinea pigs 
were totally refractory. 
who very generously placed their laboratory facilities at our 
disposal; and to Mr. A.P Batchelder of this laboratory for his 
untiring efforts in assisting us in these investigations. 
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